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MEDICAL IMPLANT DEVICE

BACKGROUND OF THE INVENTION
Cross Reference to Related Applications

[0001] This application claims priority to U.S. Application Serial No. 11/543,247,
filed October 5, 2006, and U.S. Provisional Application No. 60/775,355 filed
February 22, 2006, the contents of these references being incorporated herein‘by

reference.
Field of the Invention

[0002] The present invention generally relates to the deployment of a medical’
implant device in a body passageway, and more particularly to the deployment of
medical implant devices with an attachment mechanism which removably attaches the

" implant device to the wall of the body passageway.
Description of Related Art

‘[000‘3] Venous Thromboembolic Disease (VTE) is a disease where a blood clot
forms in a blood vessel and blocks the blood flow. In particular, major surgery or
.severe trauma can increase the risk- of VTE because blood clots are more likely té
form. In some cases, the clot travels to other sites in the body, an occurrence known ‘
as an embolism. VTE includes deep venous thrombosis (DVT) and pulmonary
embolism (PE). DVT involves clots sitting deep within the veins, where they interfere
with the blood flow. PE involves a clot that has traveled to the lung, where it may
cause death in a short period of time if it goes untreated. VTE is the third most -
common cardiovascular diséase and a leading cause of death in the United States. An
estimated 300,000 patiehtsl are hospitalized each year for treatment of acute DVT. It
is estimated that an additional 1.2 million people suffer from undiagnosed DVT. It is
also estimated that DVT affects 20% to 30% of all major surgical patients. The most
feared cbmplication of DVT is PE. Currently, PE is the third leadiﬁg acute
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cardiovascular cause of death in the United States. PE is reported in up to 650,000
patients a year with an estimated mortality of 240,000 pef year. The highest
recqgnizéd incidence of PE occurs in hospitalized patients, with 60% of hospitalized
patients having had a PE. However, the diagnosis is missed in 70% of those patients.
[0004] Anticoagulation.therapy has been the recommended treatment for patients
suffering from DVT and PE. When anticoagulation cannot be used or when it fails,
placement of a permanent vena cava filter in the inferior vena cava has been indicated.
Vena cava filters have been used since 1973 as the alternative therapy to
_ anticoagulation.

[0005] In the last five years, a growing trend toward more aggressive proﬁhylactic
management of DVT and/or PE has developed. It began with development of a first
generation of optional/retrievable vena cava filters, which gave physicians the ability
to place filters in patients and have the option of removing them at a later date or
leaving them permanently in place. This has opened and broadened indications for
placement of filters to a larger category of patents whom, due to severe trauma or
major surgery, experience a one-time risk of DVT and/or PE. Younger patients who
require short-term prophylaxis are of particular clinical interest. Once these patients
are ambulatory, they are ét low risk of developing DVT and/or PE and do not require
caval interruption. Therefore, a temporary/optional filter is a good alternative to
permanent caval interruption with a vena cava filter.

[0006] In addition to trauma and major surgery, two new procedures are beginning
to be indicated for prophylactic placement of optional vena cava filters. Obese
patients undergoing weight loss surgery (Bariatric) are at substantial risk for
developing thromboembolic disease. PE is a leading cause of death following
bariatric surgery for morbid obesity. To date, only 0.6% of an estimated 11.5 million
morbidly obese patients have had bariatric sﬁrgery. Bariatric procedures have grown
from 13,365 in 1998 to an estimated 130,000 in 2005. Procedure growth to 218,000
in 2010 is projected. Bariatric surgery is expected to become the standard of care for
obesity. The increasingly important role of surgical therapy for treating the mofbidly
obese has brought more relevance to the issue of prophylaxis for PE in-this patient

population. Those patients considered to be at high risk for DVI/PE are candidates
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for prophylactic filter placement. Roles .for IVC filter placement in this population are
expanding as more data is acquired. ' .
[000‘7] Prophylactic placement of a retrievable filter for PE prevention during
percutaneous mechanical thrombectomy (PMT) and/or thrombolytic therapy in lower
" limb or acute iliofemoral DVT is now regarded as a clinical indication. Although
énticoagulation 1s effective in preventing PE, many patients go on to experience post-
thrombotic syndrome, which is a chronic sequelae of DVT, with resultant valvular
insufficiency of the lower extremity. Endovascular management using PMT and/or
thromBolysis has recently received much attention in the literatire as a safe and
effective means for the treatment of acute DVT. The efficacy of IVC filter placement
during acute DVT management using endovascular techniques has been reported in
severa'l. clinical reports. In one study, 132 patients with lower-extremity DVT were
implanted with retrievable filters prior to thrombolytic therapy. Study aufhors.
reported the presence of thrombus in the filters after thrombolytic thér_apy in41 (31%)
. of the 132 patients. This type of improvement in medical therapy to treat DVT has
. heightened awareness of primary care physicians regarding the clinical séquelae of
DVT and the need to fre,at more aggressively. It is- estimated that up to 160,000
patients are candidates for PMT with another 150,000 patients candidates for
| thrombolytic therapy. Currently, only an estimated 20,000 are treated with an
 endovascular intervention. ’
[0008] The vena cava filters described provide one example of the variety of
‘medical devices that have been recently developed for permanent or temporary |
implantation in the human body. Despite recent advancements, however, achieving
. effective deployment and positioning of such deviceé remains a challenge. Moreover,
even when a device has been successfully implanted, keeping the implanted device in
the desired position for an extended period of time presents an even greater challenge.
Devices that are specifically designed for temporary implantation are oﬂen‘difﬁcult to |
- keep in position, because the methods by which they are held in place are purposely
- weak in order to permit subsequent removal.
[0009] A number of such medical implant devices are designed to collapse for

insertion within a catheter or other delivery unit and to expand to a predetermined
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shape when ejected after delivery. Many of these self expanding devices rely:
prirnarily.upon the contact between the device and the wall of a body veseel or
passageWay to meintain the device in position after the delivery unit is removed.
Unfortunately, changes in the dimensions of the. body vessel or paesageway "or
variations in the flow or pressure of blood or other fluids therethrough can cause the
medical implant to migrate and change position. ' | |
[0010] In an attempt to prevent migration of a medical implant device, rigid hooks
are often formed on the device to engage the wall of a body vessel or passageway as
~ the implant device expands into contact with the wall. After a few weeks, . the
endothelium layer grows over the rigid hooks which w111 not easily bend under the
influence of withdrawal pressure, and the medical implaﬁt device will be locked in
place by the embedded hooks. Locking an implant device in place with embedded
hooks may be acceptable for a permanent implant, but rigid hooks are not a viable
option if fhe medical implant device is to be removed after several weeks or months.
[0011] To facilitate removal of a previously implanted medical device by
withdrawal of the hooks from an enveloping endothelium layer without risking
substantial damage to the wall of a body vessel or passageway, the hooks have been
formed to straighten when subjected to a withdrawal force greater than a maximum
| migration force.
[0012] The use of hooks to prevent migration of an implanted medical device can
be subject to a number of disadvantages. In previous devices, the hooks are engaged -
due to the expansion of the device into contact with the wall of a body vessel or
passageway. The engagement of the hooks is caused only as a result of the expansion
of the device and is not a function which is separable from such expansion. Thus,
there can be instances where one or more hooks fail to properly engage the wall of a .
body vessel er passageway.
[0013] To alleviate many of the problems experienced with hooks, medical device
anchor and delivery systems have been developed which do not anchor a medical
implant device to the wall of a vessel or passageway until after the device has fully
expanded into contact with a first surface of the wall. Once expansion has been

completed, each anchor is gjected from a delivery tube sui‘rounding the anchor and is
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propelled .thrqugh the wall of the vessel or passageway from the first side to a second

side where the anchor expands against the second side. The expanded anchor. is

formed to straighten in response to a withdrawal force to permit the anchor to be

withdrawn from the wall of the 'vessel or passageway. ' These systems,

" disadvantageously, require the use of a delivery tﬁbe.for each anchor and a delivery

mechanism for holding the medical implant device in position while gjecting each

anchor from a delivery tube and positively propelling the anchor through the wall of
the vessel or passageway. ‘ _

[0014] As indicated previously, implant devices are often only required for a

temporary period. In particular, patients who are at a one-time temporary risk of
pulmonary embolisrﬁ should receive a vena cava filter, but it is often clinically

difﬁculi to justify placement ‘of a permanent filter due to the associated long-term

complications. Thus, temporary devices are designed to be removed after short—term.
residence. Such devices are typically removed by an elective interventional procedurel
_ by ensnaring the filter tip with a capturing cone or snare system. - In some cases,

_ however, the filter cannot bé removed without causing significant vessel wall injury, if-
the filter has become tilted or the tip becomes incorporated into tissue.

[0015] Attempts have been made to employ tethers to facilitate removal of
| tempofary implant devices. Such tethers, extending through a passageway, generally

havea proximal end accessible from outside the body and a distal end attached to ‘th'e

implant device. However, such devices have been largely unsuccessful. Tethered

‘filters have failed clinically and commercially for a variety of adverse events. Such
systems suffer from an adverse event known és migration, which is caused by
buckling of the tether when the device becomes loaded with blood clots. Rather than
hooks, barbs or anchors, some tethered systems rely on the column strength of the
tether to prevent filter migration. A second adverse event, known as duration of
indicated use, is created by logistical and clinical complications associated with .
. venous thromboembolic disease. If PE occurs and the temporary filter traps a clot, the
“clot is likely to remain in the filter at the time the device is supposed to be removed.

Because the tether remains attached to the device, the device cannot be converted into
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a permanent filter and left in place. This inability to convert the filter to a permanent

implant after the temporary indication period presents a serious dilemma. '
SUMMARY OF THE INVENTION

[0616] The present invention provides secure attachment and proper orientation of
an implant device in é passageway in a body, while also facilitating removal of the
implant device without causing damage to the passageway. " As such, the present
invention overcomes the shortcomings of, and provides advantages over, the known
~ techniques described above. For' instance, with thé attachment mechanism of.the
present invention, the implant device can advantageously be used with a removable
tether to permit conversion of the.implant device from a temporary to an optiénal
implant device, which may remain in the passageway indefinitely or be removed at a
later time. ' |

[0017] . Accordingly, an exemplary embodiment of the present invention is
illustrated by an implant device adapted to be removably attached to a wall of a body
passageway. The implant device includes a clip with a space for receiving at least a
part of the wall of the passageway. The space is formed by a contact portion and a
_clip leg. The clip leg has a sharp tip for engaging the wall of the passageway. The
clip leg is positioned on the contact portion and extends away from the contact portion
at an angle. The contact portion and the clip leg resist an increase in the space
.between the coﬁtact portion and the clip leg. Thus, the part of the wall received in the
space is clamped between the contact portion and the clip leg, thereby attaching the
implant device to the wall of the passageway. . _

[0018] = In a particular embodiment, the implant device has a longitudinal axis and
a plurality of elongate legs extending away from the longitudinal axis at an angle. The -
implant devfce may be a blood clot filter with a clot-capturing basket formed by the
plurality of elongate legs. Each of the plurality of elongate legs has a contact portion.
A clip leg is poéitioﬁed at the contact portion of each of the plurality of elongate legs
while extending away from the contact pbrtion at.an' angle. The implant device is
attached to the wall of the passageway by moving the implant device along the

passagéway in a first direction and moving the clip leg into engagement with the wall
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of the paésageway, caﬁsing a part of the wall to be received and held in the space
between the body and the leg clip. On the other hand, the implant device is detached
from the wall of the passageway by moving the implant device along the passageway
in a second direction opposite the first direction.
 [0019] The plurality of elongate legs on the exemplary implant device above may
be collapsible for guiding the implant device to a position in the passageway, and
expandable for removable attachment to the wall of the passageway. In particular, the
implant is positionable within a retractable sheath. The re‘;ractabl’e sheath containing
the implant device can then be gﬁided to a positibn in the passageway, while the
sheath keeps the implant dévice collapsed during movement through the passageway.
The sheath can then be retracted from the implant device to allow the implant device
to expand into attachment with the wall of the passageway at the location. .
[0020] A control mechanism may be employed to control positioning of the
implant device within the passageway. The control mechanism may include an
. elongate tube with a distal end and a proximal end, the tube having a plurality of
_ longitudinal slits at the distal end of the tube. A control wire passes thfough the
elongate tube and is obe_rable from the proximal end of the tube. A nodule is
connected to the control wire at tﬁe distal end of the tube and moves with the
operaﬁon of the control wire to engage the longitudinal slits of the tube. The control
" mechanism engages the implant device when the longitudinal slits at the distal end of
the tube are passed through an aperture in the impiant device and the nodule engages
‘the longitudinal slits, causing the tube to expand outwardly at the longitudinal slits to
an expanded width greater than the aperture width, so that the tube cannot pass back
through the aperture. The control mechanism is releasable from the implant ‘device
when the longitudinél slits of the tube are free from engagement by the nodule and the
tube has a non-expanded width less than the aperture width, allowing the tube section
to pass through the aperture.. ‘ 4
- [0021] A tether, with a distal end and a proximal end, may be attached to the
“implant d'evice'. at the distal end and may be operable at the proximal end to move or
position the implant device. An extension wire may be attached to the proximal end

* of the tether to extend the tether and to enable a sheath to be guided over the implant
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device. The extension wire may have a jarotrusion at the end of the extension wire -
that is capable of engaging a slot at the proximal end of the tether.

[0022]  In particular, the tether is attached to an implant device which has an
attachment mechanism, such as the clips ébo’ve, to attach the implant device to a wall
in the paésageway. The implant device has an aperture fér receiving a release '
mechanism. The tether has a distal end and 5 proximal end, where the proximal end is
operable to control the implant device. A release mechanism feleasably connects the
tether to the attachment portion of the implant device. The release mechanisrh may
" operate similarly to the céntrol mechanism described previously. Thus, the tether is
detachable from the implant device.’ . | ‘
[0023] In addition, a centering mechanism may be operably attached to the
implant device proximate to a centered part of the implant device which should be
kept near the center of the passageWay. The centering mechanism has extensions
extending outwardly from the centered part of the ixﬁplant device. The extensions
contact the interior surface of the wall of the passageway to space the wall away from
the centered part. The implant device is guided with the centering mechanism to a
location in the passageway. The implant device is then attached to the wall with the
attachment mechanism while the centering mechanism keeps the centered part of the
implant device near the center of the passageway. The centering mechanism may be
directly attached to the implant device or may be indirectly connected, for instance,
through a tether which is used to deploy the implant device.

[0024] These and other aspects of the present invention will become more
apparent from the following detailed description of the preférred embodiments of the

present invention when viewed in conjunction with the accompanying drawings.
BRIEF DESCRIPTION OF THE DRAWINGS

[0025] FIG. 1 illustrates an implant device that employs tissue clips to removably
attach the implant device to the wall of a blood vessel according to an aspect of the
present invention. . ' ' .

[0026] FIG. 2 illustrates a contact portion and a tissue clip that can be employed
by the implant device of FIG. 1.
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[0027] FIG; 3 illustrates an embodiment of a control mechanism that can be

employed to affix the position-of the implant device of FIG. 1 during deployment.

[0028] FIG. 4 illustrates another embodiment of a tissue clip of the present
invention. ' .

‘ [0029] FIG. 5 illustrates yet another embodiment of a tissue clip of the present

invention. |

10030] FIG. 6 illustrates a further embodiment of a tissue clip of the present

invention. / ‘ _ | ‘

[0031] FIG. 7 illustrates another er'nbodiment‘ of an implant deQice that employs

tissue clips aécording to an aspect of the present invention.

[0032] FIG. 8 illustrates an embodiment of an implant device that employs tissue

clips and a centering mechanism according to aspects of the present invention.

[0033] FIG. 9 illustrates a further embodiment of an implant device that employs.

tissue clips and a centering mechanism according to aspects of the present invention.

- 10034} FIG. 10 illustrates an embodiment of an implant dévice that employs a

- tether iﬁ addition to tissue clips according to aspects of the present invention.

[0035] FIG. 11 illustrates an embodiment of an extention wire which is attachable

to the tether of the implant device of FIG. 10. ‘

[0036] FIG. 12 illustrates an émbodiment of an release mechanism that can

removably attach the tether to the implant device of FIG. 10.
DETA.ILED DESCRIPTION

[0037] The present invention overcomes shortcomings of the known devices
described above by providing improved deployment of an' implant device that is
secured to a vessel, or passageway, in a body. The present invention provides an
attachment mechanism that permits stable and secure positioning of an iniplant device .
while also permitting easy removal without damaging the passageway. The present
invention also provides a tether that works in cooperation with the attachment
-mechanism to facilitate removal of the implant device after an indicated period. The
tether is removable from the implant device to convert the implant device from a

temporary device into an optional device, which can remain permanently or be
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removed af a later time. Moreover, the present invention provides a centering‘.
mechanism to ensure that the implant device is properlyh oriented within the
passageway when deployed. These, and other, aspects of the present invention are
provided in further detail below. ' .
[0038] While the implant devices in'the exemplary embodiments presented herein |
may be blood clot filters, it is understood that these embodiments are presented merely
to demonstrate aspects of the present invention.‘ Such aspects of the present invention :
are not limited to use with blood, clot filters. In addition, the description provided
. herein may refer to the deployment of an implant device in a blood vessel in
particular, but it is also understood -that aspects of the present invention can be
employed in any passageway in the body. |
{0039] Accordingly, a blood clot filter 10 acéording to the present invéntion is
illustrated in the exemplary embodiment of FIG. 1. The blood clot filter 10 is
generally deployed within a blood vessel in order to trap blood clots that may form
and travel within the‘ blood vessel. The arrow shown in FIG. 1 depicts the flow
direction within the blood vessel. As such, the filter 10 includes a plurality of
elongate legs 110 which form a basket-like structure 105 that can collect blood clots
that ﬁavel in the flow direction, into the interior of the basket-like shape; The filter 10
preferably has six or seven elongate legs, but may have any number legs 110 which
are sufﬁc_iént to create a clot-capturing basket 105. -
[0040] The- filter 10  has a central longitudinal axis 102, which is generally
oriented with the elongate direction of the blood vessel when the filter is deployed. A
filter cap 120 is positioned at an apex 118 of the filter 10, which is positioned on, or
near, the central longitudinal axis 102. Each of the legs 110 has a connecting end 112
connected to the filter cap 120 to form the clot—captunng basket 105. The legs 110 are
arranged evenly in a circular, or near circular, manner, around the central longitudinal
axis 102. The legs 110 are proximate to each other at the filter cap 120, but spread
apart as they extend generally in the upstream direction, i.e. against the flow direction.
In other words, the legs 110 extend from the Iongitﬁdinal axis 102 at an angie, as
illustrated in FIG. 1. Each leg 110 also has a free curved end 11.4 oppoéite the

connecting end 112. The curved end 114 curves toward the longitudinal axis 102, and
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thus, inwardly | from the interior surface of the vessel wall when the filter 10 is
deplbyed. In addition, each of the legs 110 has a contact portion 116 proximate to the
curved end 114. The contact portion 116 makes contact with the interior surface of
. the wall of the blood vessel when the filter is deployed.
[0041] As further illustrated in FIG. 1; a clip 130 is formed by the contact portion
116 and a clip leg 132 positioned at the contact portion 116 of each leg. The clip leg
132 extends at an angle from the contact portion 116. In particular, it extends
outwardly from the contact portion 116 at angle, generally in the flow direction. The
clip leg 132 has a penetrating end 134 capable of penetration thouéh a blood vessel .
wall. The ciip leg 132 rﬂay be integral with the contact portioﬁ 116 or may be a
separate component attached at contact portion 116.
[0042] As shown in greater detail in the exemplary embodiment of FIG. 2, the-
contact portion 116 of the'leg 110 is flattened. This flattened contact portion 116 is.
curved inwardly toward the central 'longitudinal axis 102 of the filter 10 and is
" designed to contact, and slide along, the inner surface of a blood vessel without
- penetrating the blood vessel surface. Secured to the contact portion 1 16 and angling
outwardly away from the contact portion 116 is the clip leg 132. While the clip leg
132 may have a variety of shapes, the clip leg 132 shown in FIG. 2 is substantially a
straight, non-curved leg which terminates with the penetrating end 134. While the
flattened contact portion 116 and the leg 110 in general are flexible, the clip leg 132 is
substantially rigid. ' ‘ |
[0043] The legs 110 are formed of a flexible material which permits them to be :
flexibly bendable toward the central longitudinal axis 102 of the filter 10. Thus, the
plurality of legs 110 is collapsible, or compressible, toward the longitudinal axis 102.
It is preferable to form the elongate legs of a suitable shape memory material such as
nitinol, although spring metal, suitable plastics, or other materials can be used to form
the filter légs.
 [0044] During deployment of the blood clot filter 10, the elongate legs 110 of the
filter 10 are collapsed toward the longitudinal axis 102, making the filter 10 elongate
in shape and allowing the filter 10 to fit within the elongate chamber, or channel, of a

delivery tube, also known as an introducer sheath (not shown). The wall of the sheath

11



WO 2007/100619 PCT/US2007/004650

keep the legs 110 collapsed. The filter 10, while remaining within the sheath, is-
delivered to a desired location within the blood vessel. If, for instance, the blood clot

filter :10 is introduced into the vena cava from the jugular, the curved ends 114,

pressed together, and lead the filter 10 as it is passed through the blodd vessel. In

other words, the. curved ends 114 are positioned farther from the entrance through
which the filter is intfoduced into the blood vessel, while the filter cap 120 remains

positioned closer to this entrance. Once the filter 10 is positidn, it is then ejected, or
moved, from the sheath to permit the legs 110 to expand outwardly to achieve the
~ shape shown in FIG. 1 and into contact with the inner surface of the vessel wall via
contact portion 116. The expansion of the legs 110 forms a full clot—papturiné basket
105 that is open toward the flow direction. '

[0045] Once the filter is positioned and released from the sheath, it is attached to
fhe blood vessel wall by drawing it Iohgitudinally in the flow direction to drive the
substantially rigid clip legs 130 into, and preferably éompletely through, the vessel
wall. The flat surface of the contact portion 116 slides on the inner surface of the
vessel wall as the clip leg 132 penetrates, at least partially, the vessel wall with the
penetrating end 134. When the clip leg 132 penetrates, or engages, the vessel wall,
_ tissue from the vessel wali 1s forced into the space, or area, 136, between the leg 110
and the clip leg 132. This tissue is clamped by a biasing force exerted by the flexible
and resilient leg 110 toward the rigid clip leg 132. In other words, the tissue received
into the sbace 136 causes deflection of the leg 110 with respect to the clip leg 132, and
with this deflection, the resilient leg 110 creates a biasing force which resists the
expansion of the space 136. Thus, the tissue is clamped in tﬁe space 136 between the
leg 110 and clip leg 132. To promote this clamping effect, the space 136 may be an
acutely angled, or wedge-shaped, area. Therefore, the filter 10 is held securely and
stably iﬁ place, and can resist any force that is less than a withdrawal force acting to
draw the clip legs 132 out of the vessel wall.

[0046] In general, the blood clot filter 10 is attac;hed to the wall of the blood vessel
by moving the filter 10 in the flow direction to cause the clip legs 130 to'engage the
exterior surface of the wall and cause the wall to be helc_i between the legs 110 and

their respective clip legs 130. As noted, however, the clip leg 132 does not have to
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penetrate the vessel wall completely. Secure and stable positioning of the filter 10 can
be achieved by moving the clip legs 132 into partial penetration, or engagement, with
the véssel wall so that at least some tissue is held between the legs 110 and their
réspective clip legs 132. ‘ ( A
. [0047] To remove the blood clot filter 10, a force greater than the withdrawal
férce is applied generally opposite the flow direction, causing the rigid clip legs 132 to
slide out of the vessel wall aﬁd release the clamped tissue from the area 136.
Normally, the withdrawal force is applied to the clip-legs 132 by pﬁshing the filter cap
. 120 against the flow direction. The straight, rigid néture of each clip leg 132 and the
flexibility of each leg 110 facilitate withdrawal and detachment of the filter 10 from
the vessel wall while minimizing any damage to the wall. As the clip leg 132 is
withdrawn,.the flat contact portion 116 slides over the inner surface of the vessel wall
with no penetration, the inward curve of the curved end 114 ensuring .that the end of
the leg 110 cannot penetrate the vessel wall during withdrawal. |
- 10048] FIG. 3 illustrates a control mechanism 140 to hold the blood clot filter 10
. during deployment and attachment to the blood vessel wall. The control mechanism is
génera]ly employed as a part of a filter delivery system. The control mechanism 140
includes an elongate tube 142 with a distal end 144 that engages the ﬁl;ter 10 and a
_ proximal end 146 that corresponds with a proximal end of the delivery system which
is accessible from outside the blood vessel and the body. A central control wire 148
passes through the elongate tube 142 and is operétive from the proximal end of the
'ﬁ'lter delivery system. The central control wire 148 has an enlarged outer diameter at .
one end to form a nodule, or bulb-like structure, 149 which extends pést the distal end
144 of the elongate tube 142 in the position shown. The distal end 144 is provided
with spaced, Iongitudinally extending slits 145. The filter cap 120 has an aperture 122
with an aperture width. Both the distal end 144 and the nodule 149 are dimensioned
to pass through the aperture 122 when the nodule 149 is positioned beyond the distal
" end 144 of the elongate tube 142. In this case, the distal end 144 and the nodule 149
.each have a width less that the aperture width. A bushing, or stopping mechanism,
. 152 secured to the outer surface of the elongate tube 142 limits the distance that the
' elongate tube 142 can extend through the filter cap 120.
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[0049] In the operation of the control mechanism 140, the blood clot filter 10 is -
attached to a filter delivery systeﬁ by passing the elongate tube 142 and nodule 149
through ;the center aperture 122 in the filter cap 120 until tile bushing 152 engages the
filter cap 120. At this point, the slits 145 at the distal end 144 extend beyond the edge
of the filter cap 120. When the control.wire 148 is pulled back toward the proximal -
end of the delivery system, the nodule 149 moves into engagement .\.;vith, and expands,
the distal end 144 of the elongate tube 140 in the area of the slits 145. In other words,
the control mechanism 140 engages the filter 10 at the filter cap 120 when the
" longitudinal slits 145 at the distal end 144 of the elongate tube 142 are passed through
the aperture 122 and the nodule 149 engages the longitudinal slits 145. As a result,
the tube 142 expands outwardly, .or radially, at the longitudinal slits 145, to an
expanded width greater than the width of the aperture 122. Once the distal end 144 of
tube 142 is expanded, the filter cap 120 is then positioned, or held, between the
bushing 1 52 and the expanded end 144. The control mechanism 140 can then be used
to move the filter 10 longitudinally both in upstream and flow directions. The control
wire 148 can be attached to a spring in a handle attached to the proximal end of a
delivery system to hold the nodule in engagement with the distal end 144.

[0050] The elongate tube 142 may be formed of nitinol or similar material to
| facilitate this expansion while permitting the distal end 144 to return to the non-
expanded width when the nodule 149 is removed. . To release the filter 10 from the
control mechanism 140, the control wire 148 is pushed forward to free the nodule 149 -
from engagement with the longitudinal slits 145 at the distal end 144. As a result, the
elongate tube 142 at the area of the longitudinal slits 145 is allowed to return to its
non-expanded width which is less than the width of the aperture.  Accordingly, the
nodule 149 and elongate 'tube 140 can be passed or withdrawn through the aperture
122 of the filter cap 120. '

[0051] As further illustrated by FIGS. 4-6, the tissue clip of the present invention
can be formed entlrely from a flattened contact portlon of an elongate leg. As FIG. 4
shows, each of the legs 410 of blood clot filter 40 is implemented to have a flattened
contact portion 416. A slit 450 is cut through the flattened contact portion 416 in

spaced relationship to one side edge of the contact portioﬁ 416 to form a pointed clip
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leg 432 which angles éway from the contact portion 416 and extends away from the
curved end 414 in the flow direction. The lower end of the slit 450 remains joined to
the curved contact portion 416. As described previously, when the blood clot filter 40
is pulled longitudinally in the flow direction, the pointed clip leg 432 is driven through
~ the blood vessel wall, and tissue is clamped between the substantially rigid clip leg
432 and the flexible contact portion 416, which applies a biasing force. The blood
clot filter 40 is released from attachment with the blood vessel by pushing the filter 40
longitudinally against the flow direction to withdraw the clip leg 432 from the vessel
wall and release the clamped tissue. | ‘

[0052] The tiésue clips of FIGS. 5 and 6 are variations of the tissue clip of FIG. 4
and operate in the same manner to drive more rigid clip legs through a vessel wall
when tﬁe blood clot filter is moved longitudinally in the flow direction, and tissue is
clipped between the clip legs and the flat, more flexible contact portions. In FIG. 5,
the clip leg 532 of blood clot filter 50 is formed centrally at the contéc_t portion 516 by
. cutting two spaced slits 552 and 553 through the leg 510 at contact portion 516.
. Meanwhile, in FIG. 6, two spaced clip legs 632 of blood clot fiiter 60 are formed by
cutting slots 654 and 655 spaced from the sides of the leg 610 at the contact portion
616. | |

[0053] FIG. 7 shows a further embodiment of the present invention. The blood
clot filter 70 has a tissue clip 730 with a contact portion 716 on an elongate leg 710
that is straight and substantiaily rigid and is formed with a point 760 at the distal end
of the elongate leg 710. A flexible .clip leg 732 is secured at one end to the contact _
area 716 and curves inwardly away from the contact portion 716. A resilient pad 762
may be provided between the contact portion 716 anci the clip leg 732. The tissue clip
730 is designed to ehgage and clamp tissue from the blood vessel wall when the blood
clot filter 70 is moved longitudinally against the flow direction. The contact portion
716 is inserted through a vessel wall, while the clip leg 732 slides over the inside ‘
- surface of the vessel wall and tissue is clamped between the contact portion 716 and -
_the clip lég 732. The tissue is released frbm the tissue clip 730 by pulling the blood

clot filter 70 longitudinally in the flow direction to withdraw the rigid contact portion
" back through the vessel wall.
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[0054] Referring to FIG. 8, another embodiment of the present invention is-
illustrated. The objectives of . this embodiment includé providing an implant device
that is retrievable from the femoral vein, minimizes vessel injury upon removal, and
minimizes non-centered deployment of the device. Accordingly, a blood clot filter 80
inéludes a clot-capturing basket 805 made of elongate basket legs 810 w1th capturing
ends 812 which are adjacent to each other at a centerless apex 8.18.~ The filter 80
captures, or traps, a blood clot at the capturing ends 812. The bapturing ends 812 are -
not joined to one another, but the basket legs 810 are stably and securely positioned to
~ create a basket to filter blood clofs travéling in the flow direction thfough the blood
vessel. The filter 80 may have any number of basket legs 810 that is sufficient to
create a clot-capturing basket 805, the capturing ends 812 being separated bsr a
distance small enough to prevent blood clots from flowing through the clot-capturing
basket 805. The filter 80 has a central longitudinal axis 802, which is generally
oriented with the elongate direction of the blood vessél when the filter is deployed.
The basket legs 810 are arranged evenly in a circular, or near éi,rcular, manner, around
a central longitudinal axis 802. The basket legs 810 extend radially outward from the
centerless apex 818 while also extending égainst the flow along the longitudinal axis
802, as illustrated in FIG. 8. The basket legs 810 have connected ends 814 opposite
| the capturing ends ‘812. The connected ends 814 curve inwardly toward the central
longitudinal axis 802, so that the connected ends 814 connect at a filter cap 820. The
filter cap 820 is adapted to accept a control mechanism 840, such as- the control
mechanism 140 above, for controlling the filter 80. The upstream position of the filter
cap 820 permits control or retrieval of the filter 80 from an uj)stream position, such as
the femoral vein. In addition, each of the basket legs 810 has a contact portion 816
which makes contact with the interior surface of the wall of the blood vessel when the -
filter is deployed.
[0055] As further illustrated in FIG. 8, a tissue clip 830 at each leg is formed by
the contact portion 816 and a clip leg 832 positioned at the contact portion 816. The
tissue clip 830 helps the filter 80 to achieve stabilit}; within the blood vessel. The clip
leg 832 extends outwardly from the leg 810, while extending generally along the
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longitudinal axis 802 against the flow direction.- Furthermore, the clip leg 832 has a
penetrating end 834 capable of penetration into, or through, a blood vessel wall.

[0056] The filter 80 may be laser-cut from a single tube of a material such as
nitinol. In particular, the basket legs 810 are sufficiently flexible to be collapsible for
' easier passage through the blood vessel. The filter 80 may be deployed through a low
' pfoﬁle introducer sheath from either caudal or cephalic approaches. The sheath keeps
the basket legs 810 collapsed in an elongate chamber, or channel, until the filter 80
reaches the desired position in the blood vessel. When the filter 80 emerges from the
sheath, the material of the basket legs 810 allows the basket legs 810 to expand into
contact with the vessel wall with the contact portiohs 816. Accordingly, the centerless
apex 818 is positioned in order to trap a clot within the basket formed by the basket

legs 810. | '
[0057] Once the filter 80 is positioned, the tissue clips 830 aré employed to
position the filter 80 stably and securely within the vessel wall. The tissue clips 830
- can be attached to the vessel wall by pushing the filter in the flow direction from the
. femoral approach or pulling the filter 80 against the flow direction from the jugular
approach, in order to achieve optimal migration resistance. In general, the filter 80 is
attached to the wall of the blood vessel by moving the filter 80 along the .VCSSCI in the
~ flow direction and moving the clip legs 832 into engagement with the wall of the
passageway, causing parts of the wall to be received into a space 836 between the
elongate basket legs 810 and the clip legs 832. This tissue is clamped by a biasing
Vf'orce exerted by the flexible and reéilient leg 810 toward the rigid clip leg 832. In .
other words, the tissue received into the space 836 causes deflection of the leg 810
with respect to the clip leg 832, and with this deflection, the resilient leg 810 creates a
biasing force which resists the expansion of the space '836. Thus, the tissue is
clémped in the space 836 between the leg 810 and clip leg 832. To 'prpmote this
clamping effect, the space 836 may be an acutely angled, or wedge-shaped, area.
[0058] ‘ The filter 80 is detachable from the wall of the blood vessel by movement
of the filter 80 along the blood vessel against the flow direction. When the filter is
positioned in the vena cava, the centerless apex 818 allows the filter 80 to be pulled

from the vena cava with a snare or capturing cone.from the femoral approach. Even if
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the filter 80 and its tissue clips 830 become incorporated into the tissue of the wall of
the vessel, the filter 80 can be removed with minimal trauma. The radial strength of
the basket legs 810 that make up the clot-capturing basket 805 are strong enough to
capture clots but weak enough to al]oﬁ for radial expansion/displacement during
removal. In other words, the entire filter structure changes its shape to facilitate
removal. For instance, the elongate legs 810 are able to straighten out for removal,
due in part to the fact that the capturing ends 812 are not joined to one another.

[0059] A centering mechanism 82 is attached to the filter 80 which causes the
 filter, and more specifically the apex 818, to be centered within the wall of the blood
vessel.upon deployment. The centering mechanism ensures that the implant device is
properly orented wi.thin the passageway. In particular, the éentering mechanism
spaces a part of the implant device from the wall of the passageway to orient the
implant device. Proper orientation of the implant device minimizes any chance that
the filter will' become tilted or that a tip of the filter will become incorporated into
tissue.  With reference to the embodiment of FIG. 8, the centering mechanism 82 is
attached to the filter 80 which causes the filter, and more specifically the apex 818, to
be centered within the wall of the blood vessel upon deployment. The centering
mecﬁanism 82 1is positionéd proximate to the connected ends 814, where the plurality
of basket legs 810 are connected as described above. The centering mechanism
_includes a plurality of centering legs 83 which extend away from the longitudinal axis
802 of the filter 80 at an angle, generally in the flow direction. Each of the centering
legs 83 contacts the wall with a contact portion 84. As shown in FIG. 8, the centerless
apex 818 Is positioned, or centered, between the contact 'portions 85. Thus, the
centering legs 83 ensure that the centerless apex 818 remains spaced away from the
blood vessel wall, so that the clot capturing basket 805 is in the position and
orientation to capture clots ;ravelihg throﬁgh the blood vessel. -The centering
mechanism 82 may have any number of centering legs 83 that is sufficient to center
the centerless apex 818. Moreover, while FIG. 8 shows the centering legs 83
generally spaced evenly apart in a circular, or near circular, arrangerhent, the cenfering
legs 83 of an implant device may be arranged differently, for instancé> according to

the passageway shape. The centering legs 83 are formed of a flexible material which
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permits them to be flexibly bendable toward the central toward the central longitudinal
axis 802 of the filter 80, so that the filter 800 can -be collapsed for deployment with the
filter 80 in a sheath.

[0060] A tissue clip 85 may be formed by the contact portion 84 and a clip leg 86
| angling away from the contact portion 84. The clip leg 86 extends generally in the
flow direction and away from the contact portion 84 at an angle. Thu‘s, the tissue clip
85 can receive at least a part of the wall of the body passageway. The centering leg 83
and the clip leg 86 resist movement of the clip leg 86 away from fhe cexitering.leg 83
and to hold the tissue received between the contact portion 84 and clip leg 86. The -
clip leg 86 also includes a henetrating end 87 capable of penetratiqn into the tissue of
the wall of the passageway. Thus, filter 80 is further secured to the wall of the blood
vessel with movement of the filter 80 in the flow direction as the clip legs 86 on the.
centering legs 83 penetrate at least a part of the wall and cause wall tissue to be held.
by the tissue clips 85. '

- [0061] FI1G. 9 illustrates another embodiment of the presenf invention. A blood
- clot filter 90 is similar to the filter 80 described previously. In particular, the filter 90
includes a clot-capturing basket 905 made of elongate legs 910 with capturing ends
912 at an apex 918 which are adjacent to one another but not joined to one another.
. ‘Like the filter 80, the filter 90 may be deployed through a low profile introducer
sheath from caudal and cephalic approaches. The tissue clips 930, similar to those of
filter 80, can be attached to the vessel wall by pushing the filter in the flow dlrectlon
from the femoral approach or pulling the filter 90 against the flow dlI‘CCth'n from the
jugular approach, in order to achieve optimal migration resistance. In addition, a
centering mechanism 92 is éttached to the filter 90. '

[0062] Furthermore, like the filter 80, the filter 90 is detachable from the wall of

the blood vessel by movement of the filter 90 along the blood vessel‘again_st the flow

direction. When the filter is positioned in the vena cava, the centerless apex 918

allows the filter 90 to be pulled from the vena cava with a snare or capturing cone
-from the feméral approach. Evén if the filter 90 and its tissue clips 930 become

incorporated into the tissue of the wall of the vessel, the filter 90 caﬁ be removed with

minimal trauma. The radial strength of the basket legs 910 that make up the clot-
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capturing basket 905 are strong enough to capture clots but weak enough to allow for
radial expansion/displacement during removal. In other words, the entire filter

structure.changes its shape to facilitate removal. For instance, the elongate legs 910

are able to straighten out for removal, dué in part to the fact that the capturing ends

912 are not joined to one another. . ) _
[0063] However, as illustrated in FIG. 9, the filter 90 ié different from the filter 80,
because the capturing ends 912 of elongate legé 910 curve to overlap each other, even '
thoﬁgh they remain unconnected. " The crossing and curved legs 910 at the apex 918
- provide additional stiffness to the capturing basket-905. Furthermore, the crossing
legs 910 also provide additional filtering efficiency. . During removal, the oveﬂapping
capturing ends 912 separate from one another and straighte'n out along with the
elongate legs 910. '

[0064]  Although the embodirhenté of the present invention described with -
reference to FIGS. 1-9 employ a blood clot filter, the tissue clips, in particular, can be
used to secure an implant device with any shape to ﬂle wall of a passageway in the
patient’s body. In general, the present invention has a body with a contact portion.
The device is moved along the passageway and into contact against the interior
surface of the wall of the passageway via the contact portion. A tissue .clip is formed
by the contact portions and a clip leg positioned at the contact portion, where the clip
leg angles outwardly from the contact portion. In particular, the clip leg extends
generally in the flow diréction. The clip leg has an engaging end capable of
engagement with the wall of the passageway. In operétion, the implant device is
attached to the wall of the passageway by moving the ifnplant device along the
passagéway in the flow direction and moving the clip leg into engagement with the
wall of the passageway, which causes a part of the wall to be held between the body
and the leg clip.” On the other hand, the implant device is detached from the wall of
the passageway by moving the implant device along the passageway in the upstream
direction to disengage the part of the wall from the tissue clip. Of course, the implant
device can have more than one contact portion, each with a leg clip to form a tissue

clip.
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[0065] Other embodiments of the present invention include an implant device with
an attached tether. The tether permits a temporéry mmplant device to be removed by
drawing the implant device out of the body with the tether. However, the tether is
detachable from the implant device to.convert the implant device into an implant
" device that may remain indefinitely in the passageway. Again using blood clot filters
to demonstrate this aspect of the present invention, FIG. 10 illustrates a tethered filter
1000 which includes the blood clot filter 10 as described with respect to FIG. 1 above.
It 1s understood, however, that the tethered device is not limited to the use of this
specific filter. A tether, or micro-tether, 1070 is attached to the blood clot filter 10
The tether 1070 has a proximal end 1072 and a distal end 1074. Thus, the distal end
'1072 is located upstream of the proximal end 1074. The distal end 1072 i 1s attached to
the filter 10. In addition, the filter is operable at the proximal end 1074 to move the
filter 10 within the blood vessel, for instance to move the implant dev-ice in the flow
direction to attach the filter to the wall of the blood vessel w1th tissue clips in the
- manner described previously.
, [0066] In operation, the tethered filter 1000 is delivered and removed through an
introducer sheath 1080 as shown in FIG. 10. The sheath 1080 is a temporary working
channel that guides the tethered filter 1000 to the correct position for deployment.
~Upon positioning the filter, the introducer sheath is‘ retracted allowiﬁg the filter legs
110 to expand and come in direct contact with the vessel wall, as described with
reference to FIG. 1. It is noted here, but discussed in more detail hereinbelow, that a
‘c'entering mechanism 1002 is attached to the tether filter 1070 for centering the filter
10 within the wall of the blood vessel upon deployment.
[0067] The ﬁlter 100 is set by gently pulling on the tether with the filter legs
expanded. This motion forces the clip legs 132 to penetrate vessel tissue with their
penetrating ends 134, as described previously. The filter 10 is héld in place
temporarily or permanently with tissue clips 130, and thus, the filter 10 does not rely
~ on column strength of a tether to resist migration. Once the filter 10 is stably and
.securely depldyed with the tissue clips 130, the introducer sheath is removed by fully
retracting the sheath over the tether 1070. The tether 1070 is then either externalized
‘ at the neck and taped to the chest of the patient or. preferably subcutaneously tunneled
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and coiled in a pocket on the chest or shoulder. In either case, the physician has easy -
access- to the tether if the clim’cél conditions allow for device removal or dévice
conversion. |
[0068] The filter 10 may be removed over the tether 1070 by first recovermg the
end of the tether 1070 from the subcutaneous pocket and then, as shown in FIG. 11,
attaching a extension wire 1090 to the proximal end 1072 of the tether 1070 to an
extended length, as referred to as an “exchange length.” The extension wire 1090 also
has a proximal end 1092 and a distal end 1094." The distal end 1094 of the extension
- wire 1090 is attached to the proxinllal end 1072 of the tether, while the extension wire
1090 is operable from the proximal end 1092. The tether 1070 is preferably extended
with the extension wire 1090 so that an introducer sheath 1080 can be guided over.the
tether 1070 while a physician has control of the proximal end 1092 of the system. As
further shown in FIG. 11, the extension wire 1090 may have a protrusion, or ball,
1096 at ﬁe distal end 1094. The tether 1070 is extended by feeding the extension
wire 1090 with the protrusion 1096 on the end through an extérnal slot 1076 located at
the proximal end 1072 of the tether 1070. The extension wire 1090 is fed through the
slot 1076 and out the proximal end 1072 of the tether until the protrusion 1096 of thé
extension wire 1090 prevents furthér progress. The sheath 1080 is then guided over
| the tether 1070 to the location of the filter 10 in the blood vessel, and then is further
guided over the filter-10 to collapse the filter 10. With the filter 10 collapsed in the
‘sheath 1080, the sheath. 1080, the filter 10, and the tether 1070 are withdrawn
completely from the blood vessel. ’

[0069] As mentioned above, the tethered filter 1000 enables conversipp of a
temporary filter to a filter that may remain in the passageway indefinitely. For
instanée, if the indicated timé for temporary use 6f the filter 10 has elapsed (e.g. 3-6 .
weeks) and a clot is trapped within the clot capturing basket 105 at the apex 118 of the
filter 10, the filter can be converted to an optional configuration, which may remain
permanently or be removed at some later time beyond the initial indicated time. As
shown in FIG. 12, filter conversion is achleved by recovering the end of the tether
1070 from the subcutaneous pocket and then operating a release mechanism 1040 to

release the filter from the ‘tether. The tether 1070 is then..pulled from the patient. If
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necessary, a short introducer sheath can be placed in the neck to facilitate tether
removal. |
[0070] The operation of the release mechanism 1040 is similar to the operation of
the control mechanism 140 of FIG. 3. The release mechanism 1040 releasably
~ connects the tether 1070 to the filter cap ‘120 with the aperture 122 with an aperture
Qidth, similar to the control mechanism shown with reference to FIG. 3. The release
mechanism 1040 is positioned at the distal end 1074 of the tether 1070. The release
mechanism 1040 includes a tube section 1042 exténding from the distal end 1072 of
thé tether 1070:- The tube section 1042 has an exfended end 1044 that engages the
filter 10. The exiended end 1044 is provided with a plurality of spaced, longitudinal
slits 1045. A control wire 1048, operable from the proximal end 1072 of the tether
1070, éxtends from the distal énd 1074 of the tether 1070, and passes through the tube _
section 1042. The control wire 1048 has a nodule, or bulb-like structure, 1049'that_
can move to engage the extended end 1044 of the tube section 1042. Both the distal
end 1044 and the nodule 1049 are dimensioned to pass through the aperture 122 when
. the nodule 1049 does not engage the extended end 1044. In this case, the.extended
end 1044 and the nodule 1049 each have a width less that the aperture width. A
bushing, or stopping mechanism, 1052 secured to the outer surface of the tube section
1042 limits the distance that the tube section 1042 can extend through the filter cap
120. o
[0071] In the operation of the release mechanism 1040, the blood clot filter 10 is
aittached to the tether 1070 by passing the tube section 1042 and nodule 1049 through -
the center aperture 122 in the filter cap 120 until the bushing 1052 engages the filter
cap 120. At this point, the slits 1045 at the distal ena 144 extend beyond the edge of
the filter cap 120. When the nodule 1049 of the control wire 1048 is pulled back
toward the proximal end 1072 of the tether 1070, the nodule 1049 moves against and
expands the extended end 1044 of the tube section 1042 in the area of the'slits' 1045.
As a result, the tube section 1042 expands outwardly, or radially, at the longitudinal
_slits 1045 to an expanded width greater than the width of the aperture. Once the
extended end 1044 of tube section 1042 is expanded, the filter cap 120 is then
‘ positioned, or held, between the bushing 1052 and the e);panded end 1044, and the
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tether 1070 can be used to move the filter 10 longitudinally both in the upstream and-
flow directions. The control wire 1048 can be attached to ‘a spring in a handle
attachéd to the proximal end 1072 of the tether to hold the nodule 1049 in engagement
with the extended end 1044. | | o
[0072] ' The elongate tube 1042 may be formed of nitinol or similar material to
facilitate this expansion while permitting the extended end 1044 to return to the non-
expanded width when the nodule 1049 is moved from engagément.. To release the -
tether 1070, the release mechanism 1040 from the filter 10, the contrpl wire 1048 is
" pushed forward to free the nodulé 1049 from engagement with the longitudinal slits
1045 at the extended end 1044. As a result, the elongate tube 1042 at the area of. the
longitudinal slits 1045 is allowed to return to its non-expanded width which is less
than the width of the aperture. Accordingly, the nodule 1049 and the tube section 140
can be passed or withdrawn through the aperture 122 of the filter cap 120. Thus, the
tether 1070 can be. withdrawn from the passageway; leaving the filter 10 in the
-i)assageway. If necessary, the filter 10 can then be later removed from the
passageway with a snare, capturing cone, or like device.

[0073] Accordingly, attaching a tether to the blood clot filters described-
previously: 1) addresses the need f‘or prophylactic and temporary placement of vena
cava filters in a targeted -patient population, 2) provides temporary or permanent
protection, from pulmonary embolism, and 3) provides the assurance that the apex of
the filter is accessible upon retrieval of temporarily placed filters. The filter can be
placed into patients who are at temporary risk of PE using the device piacement
techniques described above. Although the filter has a .tether, the - filter is not
necessarily a temporary filter, because the filter can be converted into an optional
configuration at any time for longer term use by releasing the tether from the filter.
Thus, the filter may remain permanently or be removed at a later time. '

[0074] A centering mechanism is also employed with the tethered filter 1000 of
FIG. 10. Unliké thé centering mechanism 82 which is attached to the filter 80 in FIG.
8, the centering mechanism 1()02 is attacﬁed to the tether 1070 and not the filter 10.
As illustrated in FIGS. 10 and 12, the centering mechanism 1002 is positioned at the
distal end 1074 of the tether 1074, so that the centering méchanism 1002 is proximate
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to the filter 10. In particular, the centering mechamsm 1002 spaces the apex 118 away
from the wall of the blood vessel. With the apex 118 centered, the filter 10 is oriented
properly for the capture of blood clots traveling through the vessel. Moreover, the
filter cap 120 at the apex 118 is less likely to become incorporated with the tissue of
the vessel wall creating a risk that the vessel wall could be damaged, especially when
the filter 10 is removed. The centering mechanism 1002 has elongate centering legs
1003 that are formed of a flexible material which permits them to be flexibly bendable
toward the central toward the central longimdinal exis 102 of the filter 10. 'Thus the
centering mechanism 1002 is collapsible and expandable. Accordingly, the centering
mechanism 1002 is deployed with the filter 10 by collapsmg the centermg mechanism
1002 and the filter 10 inside the sheath 1080, and guiding the sheath 1080 along the
blood vessel until the filter 10 reaches the desired location in the bloed vessel. The.
sheath 1080 is then retracted from the centering mechanism 1080 and the filter 10 to.
allow the filter 10 and then the centenng mechanism 1080 to expand into contact with
the wall. Because the centering mechanism 1002 is attached to the tether 1070, it
. must also be removed if the tether 1070 is withdrawn from the blood vessel, with or
\.Nithout the filter 10. In order to withdraw the centering mechanism 1002 from the
blood. vessel, the sheath 1080 is guided along the tether 1070 over the centering
. mechanism 1002 to collapse the centering mechanism 1002 within the ‘sheath 1080
which together with the tether is then guided out of the blood vessel. If the filter 10 is
also being removed from the blood vessel, the sheath 1080 would also collapse the
filter 10 with the centering mechanism 1002 for removal in the sheath 1080.

[0075] In general, embodiments of the present invention may include a centering
mechanism operably attached to the implant device proximate to a part of the implant
device that should be kept near the center of the body passageway. The centering
mechanism includes at least one extension extending outwardly from the eentered part
into contact against the interior surface of the passageway wall in order to space the
~ wall away from the centered part. Thus, the implant device with the centering
mechanism can be guided to a desired location in the passageway. The centering
~ mechanism then keeps the centered part of the implant device near the center of the

passageway while the implant device is anchored in place with an attachment
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mechanism. The centering mechanism may be collapsible for positioning and-
deployment and expandable to engége the wall of the passageway.

[0076] - As sho§vn in the FIGS. 8 and 10, the cer_ltering mechanism may include a
plurality of legs, each having an end extehding outwardly in a plurality of direc'tid.ns
from the centered part of the implant device into contact agaiﬁsﬁ the interior surface of
the wall of the passageway. In particular, the legs are arranged evenly in a circular.
arrangement to space the wall from the centered part of the implant device in all -
directions by a distance at least equal to the radius of the circle. Although the
~ centering mechanism may be conﬁected directly to the implant devicé, the centering
mechanism may act indirectly to center the implant device, as demonstrated by the
embodiment of FIG. 10 where the.centering mechanism 1.002 is actually attachea to
the tether 1070. ' .

[0077] . While the approaches for deployment and removal of implant devices
described herein may refer to the use of tissue clips, the approaches are not limited to -
the use of these particular énchoring mechanisms.  The implant devices ;:an be
anchored with other anchoring mechanisms, such as hooks that bend and straighten in
response to withdrawal forces, as disclosed by U.S. Patent Nos. 6,007,558 and
6,258,026 to Ravenscroft et al., which are entirely incorporated herein by reference.
[0078] While various embodiments in accordance with the present invention have
been showﬁ and described, it is understood that the invention is not limited thereto.
The presént invention ma;r be changed, modified and further applied by those skilled
in the art. Therefore, this invention is not limited to the detail shown and described

previously, but also includes all such changes and modifications.
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WHAT WE CLAIM IS:

1. - Animplant device, comprising: .
a clip for removably attaching the implant device to a wall of a body
passageway, the clip comprising: '
a contact portion for contacting the wall of the passageway; and
a clip leg with a sharp tip for engaging the wall of the
passageway, the clip leg being positioned on the contact portion and
e:gteﬂding away from the contact portion at an angle, thé contact portion
.andthe clip leg defining a space for receiving at least a part of the wall
of the body passageway, '
wherein the contact portion and the clip leg resist an increase in the

space between the contact portion and the clip leg.

2. The implant device according to claim 1, wherein the clip leg is substantially

straight and substantially rigid.

-3, The implant device according to claim 1, further comprising a plurality of
elongate legs extending away from a Jongitudinal axis of the implant device at an
" angle, each of the plurality of elongate legs having a contact portion, wherein a clip
ieg‘ is positic;ned at the contact portion of each of the plurality of elongate legs an.d.

extends at an angle from the contact portion.

4, The implant device according to claim 3, further comprising an apex, wherein

each of the plurality of elongate legs has a connecting end connected at the apex.

s The implant device according to claim 4, wherein each of the plurality of legs
has a curved end opposite the connecting end, the curved end curving inwardly toward

the longitudinal axis.

6. The implant device according to claim 5, wherein the plurality of elongate legs
is collapsible for guiding the implant device to a position in the passageway and

_ expandable for removable attachment to the wall of the passageway.
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7. The implant device according to claim 6, wherein each of the plurality of
elongate legs is flexibly bendable toward the longitudinal axis to'make the plurality of

elongate legs collapsible.

8. The implant device according to claim 3, wherein the implant device is a blood

clot filter with a clot-capturing basket fofmed_ by the plurality of elongate legs.

9. The implant device according to claim 8, wherein the cldt—captuﬁng basket is
formed by adj acent capturing ends of the plurality of elongate legs, the papturing ends

" not being joined to one another.

10. ‘The implant device according to claim 9, wherein the clot-captiring basket is

formed by overlapping of the elongéte legs.

11.  The implant device according to claim 9, further pomprising a centering

mechanism tokeep the clot-capturing basket centered in the passageway.

12.  The implant device according to claim 11, wherein the piurality of elongate
legs are connected together at connected ends opposite the capturing epds, and
wherein the centering mechanism is attached proximate to the connected ends and
comprises a plurality of centering legs extending at an angle from the longitudinal axis

of the implant device.

13.  The implant device according to claim 12, wherein each centering leg has a
centering clip for receiving at least a part of the wall of the body passageway, each
centering clip being defined by each centering leg and a centéring clip leg positioned
on the centering leg, the centering clip leg extending at an angle from the centering
leg, wherein the centering leg and the centering clip leg resist movement of the

centering clip leg away from the centering leg;

14.  The implant device accordihg to claim 1, further comprising an aperture with.

an aperture width adapted to recéive a control mechanism.

15. A system for attaching the implant device according to claim 14 to a wall of a

body passageway, wherein the control mechanism comprises:
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an elongate tube with a proximal end, and a distal end having a plurality
of longitudinal slits; ’

a control wire that passes through the elongate tube; and

a nodule connected to the eonn*ol wire at the distal end of the tube, the
nodule being movable with operation of the control wire to engage the
longitudinal slits of the tube, '

wherein the control mechanism engages the implant device when the

- longitudinal slits at the distal end of the tube are passed through the aperture

and the hqdule engages the longitudinal slits,‘ causing the tube to expand
outwardly at the longitudinal slits to an expanded width greater than the
aperture width, and the control mechanism is releasable from the implant
device when the longitudinal slits of the tube are free from engagement by the
nodule and the tube has a non-expanded width less than the aperture width,.
allowing the tube section to pass through the aperture. |

16.  The system according to elaim 15, further comprising a stopping mechanism

~ with a width greater thari the aperture width, the stopping mechanism being positioned
on the elongate tube and spaced from the distal end of the tube so that the aperture is
held between the distal end and the stopping mechanism when the control mechanism

engages the 1mplant device.

17. A system for controlling the 1mplant device according to claim 1, the system
comprising: -
a tether with a distal end and a proximal end, the tether being removably

attached to the implant device at the distal end.

18.  The system according to claim 17, further comprisiﬂg an extension wire
attached to the proximal end of the tether to extend the tether and to guide the sheath

over the implant device.

-19. The system according to claim 18, wherein the extension wire has a protrusion

at the end of the extension wire that engages a slot at the proximal end of the tether.
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20. A method for attaching the implant device according to claim 3 to a wall of a
body passageway, the method comprising moving the implant device along the
passageway in a first direction, thereby causing movement of the clip legs on the
plurality of elongate legs into engagement with the wall of the passageway so that at
least a part of the wall is received in the space between the elongate legs and the clip
legs. '

1

21.  The method according to claim 20, wherein the implant device is a blood-clot
. filter and moving the implant device élong the passageway in a first direction

comprises moving the implant device along a blood vessel in a blood flow directioﬁ.

22. A method for removiﬁg the implant device according to claim 20 from
attachment from the wall of a body passageway, the method comiprising moviﬁg the -
implant device along the passageway in a second direction opposite the first direction,
thereby causing movement of the clip legs on the plurality of elongate legs from
engagement with the wall and removal of the wall from the space between the

elongate legs and the clip legs.

23. The method according to claim 21, wherein the 'implant device is a blood-clot
~ filter and moving the implant device along the passageway in the first direction
comprises. movmg the implant device along the blood vessel against the blood flow

direction.

24. A method for positioning the implant device according to claim 6 at a location
in the passageway, the method comprising:
. positioning the implant within a retractable sheath;
guiding the retractable sheath containing the implant device, the sheath
keeping the implant device collapsed dﬁring movement through the
passageway; and
retracting the sheath from the implant device to allow the 1mplant
device to expand into attachment with the wall of the passageway at the

location.
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25. A method for reinovably attaching the implant device to a wall of a body
passageway, comprising: ’
. providing a clip on the implant device, the clip comprising:
a contact portion for contacting the wall of the passageway; and
a clip leg with a sharp tip for engaging the wall of the
passageway, the contact portion and the clip leg defining a space
therebetween,;
positioning the implant device at a location in the passageway; and
movmg the implant device 1 in a first dll'CCthIl to cause the clip leg to
engage the wall, and a part of the wall to be clamped in the space between the contact

portion and the clip leg.

26. The method according to claim 25, wherein posmomng the implant device in
the passageway further compnses
positioning the implant device within a retractable sheath;
guiding the retractable sheath contalmng the implant device to the
location in the passageway, the sheath keeping the clip from engaging the wall
of the passageway; _and |
retracting the sheath from the implant device to position the clip leg

againét the wall of the passageway at the location.

27. . The method according to claim 25, further cemprising niox;ing the implant

‘ device along the passageway in a second direction opposite the first direction to cause .
the clip leg to disengage the wall, and the part of the wall to be removed from the
space between the contact portion and the clip leg. |

28. A system for deploying an implant device to be attached to a wall of a body
passageway, the system comprising:
an implant de\.rice with an attachment mechanism to attach the implant”
device to a wall in the passageway, the implant device having an aperture with

an aperfure width;
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a tether with a distal end and a proximal end, the proximal end being
operable to control the body; and
a rg]éase mechanism adapted to releasably connect the tether to the

attachment portion of the implant device.

29. . The system of claim 28, wherein the release mechanism comprises: -

é tube section extending from the distal end of the tether and having a
plurality of ]ongitudina] slits at an extended end of the tube section; and

a control wire, operable from the proximal end of thé tether, extending
from the distal end of the tether and passing through the tube section, the
control wire having a nodule movable to engage the extended end of the tube
section, causing the tube section to expand Qut\;vardly to an expanded width
greater than the apertilre width due to the plurality of slitsl,

wherein the tether is connected to the implant device when the tube
section is pasécd through the aperture and the nodule engages the extended end
of the tube section, and the tether is released from the implant device when the
extended end of the tube section is free from engagement with the nodule and |
the tube section has a non-expanded width less than the aperture width, thereby
allowing the tube section to pass through the aperture.

30.  The system according to claim 29, further comprising a stopping mechanism
with a width gréater than the aperture width, the stopping mechanism being positioned
on the tube section and spaced from the extended end of the tube section so that the
aperture is held between the distal end and the stopping mechanism when the tether is

connected to the implant device.

31. The éystem according to claim 28, wherein the attachment mechanism
comprises a clip on the implant device including a contact portion for contacting the
wall of the passageway, and a clip leg with a sharp tip for engaging the wall of the

passageway, the contact portion and the clip leg defining a space therebetween. -

32.  The system according to claim 28, wherein the attachment mechanism

comprises a hook.
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33. A method for C(;nnecting the tether to the implant device in the system
according to claim 29, the method comprising:
| passing the tube section through the aperture; and -
moving, with the control wire, the nodule into engagement with the
extended end of the tube section to cause the tube section to expand outwardly

to the expanded width.

34. A method for releasing the tether from the implant device in the system
according to claim'29, the method comprising:

. moving, with the control wire, the nodule from engagement with the
extended end of the tube section to cause the tube section to shrink to the non-
expandéd width; and

withdrawing the tube section from the aperture.

35. A method for deploying an implant device in a body passage\;vay, the implant

- device being collapéible for positioning in the passageway and e)ipandable for

removable attachment to a wall of the passageway, the method comprising:

| attaching a tether to the implant device, the tether having a distal end
and a proximal end and being attached to the implant device at the distal end;

guiding the implant device in a retractable sheath to a location in the
passageway, the sheath keeping the implant device collapsed during movement
through the passageway; and o
. retracting the sheath fr;)m the implant device along the tether, thereby

allowing the implant device to expand into attachmeqt with the wall of the

passageway at the location.

36.  The method according to claim 35, further comprising:
detaching the tether from the implant device by operating the proximal
end of the tether and 'activating a release mechanism to release the implant
device from the tether; and

Withd.rawing the tether from the passageway.
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37. The method according to claim 36, further comprising removing the implant

device, aﬂer detaching the tether, with a snare or capturing cone.

38. The method according to cla1m 37, further comprising removing the implant
device from the passageway, removmg the implant device comprising;:
. guldmg the sheath over the tether to the location of the implant device in
the passageway and over the implant device to collapse the implant device; and _

withdrawing the sheath, implant device, and tether from the passageway.

39. "I‘her method according to claim 38, further comprising removing the implant
device from the passageway by exténding the tether with an extension wire to the
tether in order to guide the sheath over the tether and the implant device, whereby the

implant device is collapsed and removable from the passageway.

40.  The method according to claim 39, wherein extending the tether with an
extension wire comprises guiding a protrusion at an end of thé extension wire into
contact with the tether and into engagement with a slot at the proximal end of the

tether.

41.  The method of claim 36, further comprising storing the proximal end of the

tether subcutaneously.

'42.  The method according to claim 35, wherein guiding the impléﬁt device further |
comprises centering a part of the implant device near the center of the passageway

with a centering mechanism attached to the tether proximate to the implant device.

43, The method according to claim 42, further comprising:
guiding the retractable sheath containing the centering mechanism with
the implant device, the _sheathikeeping fhe centering' mechanism collapsed
during movement through the passageway, and '
| retracting the sheath from the centering mechamsm to allow the
centering mechanism to expand into centering contact with the wall of the

passageway at the location,
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wherein the centering mechanism is collapsible for deployment and

expandablie to engage the wall of the passageway.

44. A system for deploying an implant device in a body passaéeway, the implant
- device being collapsible for positioning in the passageWay and expandable for
removable attachment to a wall of the passageway, the system comprising:
a tether attachable to the implant device, the tether having a distal end
and a proximal end, and being attached to the implant device at the distal end;
“and : I .
.a flexible, retractable sheath with an elongate chaimel, the tether ‘
extending through the sheath, the implant device béing collapsible within the
channel and expandable when the sheath is retracted along the tether from the

implant device.

45.  The system according to claim 44, wherein the proximal end of the tether is

- operable to activate a release mechanism to detach the tether from the implant device.

- 46. The system according to claim 44, further comprising a snare or capturing cone

for removing the implant device.

. 47. - The system according to claim 44, wherein the sheath is guidable over the

tether and over the implant device to collapse the implant device.

'48.  The system according to claini 44, further comprising an extension wire

attachable to the tether, the sheath being guidable over the extension wire and tether to

collapse the implant device.

49.  The system according to claim 48, further comprising:

a slot at the proximal end of the tether; and

a protrusion at an end of the extension wire adapted to engage the slot of. . .

the tether in order to attach the extension wire to the tether.
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50. The system according to claim 44, further comprising a centering mechamsm
attachable to the tether proximate to the implant device to center a part of the implant

device.

51. The system according to claim 50, wherein the centering mechanism is
collapsible within the channel of the retractable sheath and expandable when the

sheath is retracted along the tether from the implant device.

52.  The system according to claim 44, wherein the centering mechanism coniprises
" alongitudinal axis and a piurality of centering legs, each of the plurality of centering

_ legs extending along the longitudinal axis and away from the longitudinal axis.

53. A method for deploying an iinplant device In a.body passageway, the implant
device having an attachment 'mechanism to attach the implant de.vice‘ to a wall in the |
passageway, the method comprising:
attachmg a centering mechanism to the implant device prox1mate toa
centered part of the implant device to be kept near the center of the
passageway, the centering mechanism comprising at least one extension
. extending outwardly from the centered part of the implant device for spacing
the wall from the centered part;
guiding the iﬁiplant device with the centering mechanism to a location in
the passageway; and '
attaching the implant device to the wall with the attachment mechanism
while the centering mechanism keeps the centered part of the implant device

near the center of the passageway.

54. The method according to claim 53, wherein the centering mechanism
comprises a plurality of legs, each of the plurality of legs having an end extending
outwardly in a plurality of directions from the centered part of the implant device, into

contact against the interior surface of the wall of the passageway.

55.  The method according to claim 53, wherein the plurality of legs are evenly

spaced in a circular arrangement.
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56.  The method accbrding to claim 53, wherein the centering mechanism is a part

of a tether attached to the implant device.

57. The method according to clalm 53, wherein the centering mechamsm is

. collapsible for deployment and expandable to engage the wall of the passageway.

58.  The method according to claim 53, wherein the imp]ant device is collapsible
for positioning in the passageway .and expandable for attachment to a wall of the
passageway, and wherein guiding the implant device with the centering niechanism
comprises moving the retractable sheath containing the implant device with the
centering meéhaﬂism, the sheath keeping the implant device and thé centering
mechanism collapsed during movement through the passageway, and wherein
attachjﬁg thé implant device to the wall with the attachment mechanism comprises
retracting the sheath from the implant device to permit the implant device and the

centering mechanism to expand into contact with the wall of the passageway.
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